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INTRODUCTlON 
L 

The NASA s a t e l l i t e  Explorer  33 was launched from t h e  E a s t e r n  Test  Range, - 
Cape Kennedy, F l o r i d a  on 1 J u l y  1966 a t  1 6 0 2 : 2 5 . 3 7 5  UT by a Thrust  Augmented 

Improved Del ta  v e h i c l e .  The primary o b j e c t i v e  was t o  p l a c e  t h e  5 7 . 1  Kg. spin-  

s t a b i l i z e d  IMP type  s p a c e c r a f t  i n t o  a captured  lunar  o r b i t  and i n v e s t i g a t e  t h e  

magnet ic  f i e l d ,  plasrna and e n e r g e t i c  p a r t i c l e  environment of t h e  Moon. 

Unfor tuna te ly  t h e  i n j e c t i o n  v e l o c i t y  fo l lowing  t h i r d  s t a g e  burnout was s l i g h t l y  

i n  excess  of t h e  nominal r e q u i r e d  by 0.2'X and no s t a b l e  o r b i t  anchored t o  t h e  

l u n a r  g r a v i t a t i o n a l  f i e l d  was p o s s i b l e .  The d e c i s i o n  was made a t  2100 UT t o  

a b o r t  t h e  primary miss ion  by f i r i n g  t h e  f o u r t h  s t a g e  r e t r o - r o c k e t  a t  2233 UT 

and t h u s  switch t o  t h e  a l t e r n a t e  mission.  This  was planned i n  advance f o r  

t h o s e  few c a s e s  of t r a n s - l u n a r  t r a j e c t o r i e s  which precluded s u c c e s s f u l  l u n a r  

o r b i t s  

The a l t e r n a t e  miss ion  s e l e c t e d  was t o  p l a c e  t h e  s a t e l l i t e  i n t o  a h i g h l y  

e l l i p t i c a l  e a r t h  o r b i t  wi th  apogee m a r  450 ,000  Km. w e l l  beyond t h e  moon's 

o r b i t a l  d i s t a n c e  of 385 ,000  Km. I n  a d d i t i o n  tk line of a p s i d e s  w a s  t o  i n i t i a l l y  

b e g i n  a t  a s o l a r  e c l i p t i c  l o n g i t u d e  of approximately (b = 240 , which corresponds 

t o  120' West of t h e  Sun.  

0 

Thus during i t s  f i r s t  s i x  months t h e  s a t e l l i t e  would 

sweep through t h e  e n t i r e  a n t i s o l a r  p o r t i o n  of t h e  magnetosphere and i n v e s t i g a t e  

t h e  geomagnetic t a i l  a t  d i s t a n c e s  up t o 8 0  RE (1 RE = 6378 .2  Km).  

The r e t r o  f i r i n g  was s u c c e s s f u l l y  performed and placed Explorer  33  i n  t h e  

L h i g h e s t  E a r t h  o r b i t  y e t  achieved fo r  any s a t e l l i t e .  The i n i t i a l  o r b i t a l  

parameters  were: apogee = 440 ,300  Km. a t  QSE = 242O, €ISE = -1' on J u l y  7 ;  

p e r i g e e  = 51 ,000  Km. and o r b i t a l  per iod = 1 2  days.  The i n i t i a l  s p i n  r a t e  was 

2 6 . 5  rpn and t h e  s p i n  a x i s  o r i e n t a t i o n  was Q 

I 

= 1 2 9 O ,  eSE = -4'. The 
SE 
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o r b i t a l  parameters  were s e v e r e l y  p r t u r b e d  by a c l o s e  luna r  approach a t  a 

s e l e n o c e n t r i c  d i s t a n c e  of 36,300 . on J u l y  9. Both apogee and p e r i g e e  

have cont inued t o  i n c r e a s e  s i n c e  t a t  t ime due p r i n c i p a l l y  t o  i u n a r  

1 
I 

SE 

4 
p e r t u r b a t i o n s  and i n  Orb i t  No, ogee was 514,100 Km on Augudt 24 a t  @ 

J 

0 
= 187' and BSE - -3 wi th  pe r igee  it 79,100 Km on September 2 .  

T h i s  note  p r e s e n t s  p re l imina ry  r e s u l t s  of a s tudy  of t h e  geomagnetic 

t a i l  from d a t a  obta ined  by t h e  NASA-Goddard Space F l i g h t  Center  magnetic f i e l d  

experiment during t h e  f i r s t  55 days of s a t e l l i t e  l i f e t i m e .  A s e p a r a t e  r e p o r t  

by Van A l l e n  and Ness (1966) d i s c u s s e s  s imul taneous  p a r t i c l e  and magnetic 

f i e l d  obse rva t ions  of an i n t e r p l a n e t a r y  shock wave d e t e c t e d  on 8 J u l y  

when t h e  s p a c e c r a f t  was l o c a t e d  i n  i n t e r p l a n e t a r y  space o u t s i d e  t h e  e a r t h ' s  

bow shock wave. 

~~ 
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MAGNETOMETER EXPEKZ PENT 

The GSFC magnetic f i e l d  experiment employed a t r i a x i a l  f l u x g a t e  sensor  

l o c a t e d  a t  t h e  end of a boom 2 . 2  meters from t h e  s p i n  a x i s  t o  e l i m i n a t e  spur ious  

c o n t r i b u t i o n s  t o  t h e  measurements from s p a c e c r a f t  genera ted  magnetic f i e l d s ,  

Two axes  of t h e  sensor  a r e  o r i e n t e d  perpendicular  t o  t h e  s p i n  a x i s  and hence t h e  

r o t a t i o n  of t h e  s a t e l l i t e  permi ts  t h e  i n f l i g h t  d e t e r m i n a t i o n  of t h e  z e r o  l e v e l  

of t h e s e  two sensors  s i n c e  t h e y  a r e  p h y s i c a l l y  r e v e r s e d  by 180 each sp;n 

A thermo-mechanical " f l i p p e r "  device  r e o r i e n t s  t h e  t r v a x i a l  sensor  s e t  by 90 

around t h e  bocm a x i s  once each 24 hours .  This  p l a c e s  t h e  t h i r d  a x i s  of trle 

sensor  se t  perpendicular  t o  t h e  s p i n  a x i s  t o  permit i t s  z e r o  l e v e l  d e t e r , n i n a t i o n ,  

0 

0 

Pre l iminary  i n v e s t i g a t i o n  of t h e  p o s t - f l i g h t  z e r o  l e v e l s  of t h e  t h r e e  

-5 
s e n s o r s  i n d i c a t e  nominal accuracy of approximately 20.25 y ( 1 gamma = 10 

o e r s t e d ) .  The dynamic ranges  of t h e  sensors  a r e  approximately 5 64y  which 

w i t h  t h e  8 b i t  a n a l o g - d i g i t a l  conver te r  of t h e  experiment e l e c t r o n i c :  p r o v ~ d t : ~  

a q u a n t i z a t i o n  i i n c e r t a i n t y  of f0 .25y .  An i n - f l i g h t  c a l i b r a t i o n  of t h e  

s e n s i t i v i t y  and l i n e a r i t y  i s  provided by t e m p o r a r i l y  adding a n  a c c u r a t e l y  

known magnetic f i e l d  increment t o  t h e  s e n s o r s  t w i c e  each day, The performanct 

of t h e  magnetic f i e l d  experiment f o r  t h e  f i r s t  60 days of o p e r a t i o n  has  b t a n  

comple te ly  c o n s i s t e n t  wi th  p r e f l i g h t  c a l i b r a t i o n s  of accuracy and p r e c i s i o n .  

A t h r e e  component measurement and d i g i t i z a t i o n  i s  performed by t h e  

instrument  i n  10 m i l l i s e c o n d s .  S ix teen  such.vector measurements of thc 

magnet ic  f i e l d  a r e  obta ined  a t  5 .11  second i n t e r v a l s  i n  each t e l e n e t r , r  

sequence of 81.808 seconds,  From t h e s e  d a t a  a sequence average magnerric 
.I 

c f i e l d  i s  computed by l i n e a r l y  averaging t h e  s e p a r a t e  or thogonal  components 

i n  a n o n - r o t a t i n g  payload coord ina te  system. The component averages a r e  rhen 

- 3 -  



r o t a t e d  i n t o  a s o l a r  e c l i p t i c  coord ina te  system f o r  i n t e r p r e t a t i c n  and 

a d d i t i o n a l  a n a l y s i s .  These components t h e n  determine t h e  d i r e c t i o n  of 

a r e  computed i n  a manner s i m i l a r  t o  t h a t  used f o r  t h e  sequence ave rages .  

That i s ,  t h e  hour ly  averaged components a r e  computed t o  determine t h e  average  
I 
I 

t h e  f i e l d  i n  terms of s o l a r  e c l i p t i c  l a t i t u d e  0 and long i tude  @. The 

magnitude average is computed by l i n e a r l y  averaging  t h e  magnitudes of t h e  

1 6  s e p a r a t e  samples i n  each sequence. 

The d a t a  presented  i n  t h i s  r e p o r t  i nc lude  a l s o  h o u r l y  averages  which 

f i e l d  d i r e c t i o n  and t h e  magnitude averaged d i r e c t l y  a s  b e f o r e .  

f i e l d  f l u c t u a t e d  r a p i d l y  wi th  l a r g e  ampl i tudes ,  t h e n  such average f i e l d s  might 

I f  t h e  magnet ic  

not  w e l l  r e p r e s e n t  t h e  in s t an taneous  f i e l d  a t  any  moment. However, f o r  t h e  

f i e l d s  measured p rev ious ly  i n  t h e  geomagnetic t a i l  by Ness (1965) and f o r  

t h o s e  r e p o r t e d  h e r e i n  t h e  d i r e c t i o n  and magnitude a r e  g e n e r a l l y  very s t e a d y  

and only  s lowly changing except  du r ing  t r a v e r s a l s o f  t h e  n e u t r a l  shee t  

or  a t  t imes  of geomagnetic a c t i v i t y ,  S ince  most of  t h e  d a t a  inc luded  i n  t h i s  

no te  were obta ined  du r ing  pe r iods  of low geomagnetic a c t i v i t y ,  t h e  f i e l d  averages  

can be p h y s i c a l l y  i n t e r p r e t e d  a s  be ing  a good r e p r e s e n t a t i o n  of t h e  in s t an taneous  

magnet ic  f i e l d .  



OBSERVATIONS 

c, 

During t h e  f i r s t  two o r b i t s  of Explorer 33 i n  J u l y  1966, t h e  c i s l u n a r  

0 0 
L p o r t i o n  of t h e  geomagnetic t a i l  was found t o  have a topology ( 0  = 0, @I = 0 o r  

0 
180 ) and f i e l d  magnitude (15-25y) c o n s i s t e n t  w i th  t h e  p rev ious  r e s u l t s  of t h e  

IMP 1 s a t e l l i t e  (Ness, 1965) .  T h i s  s p a c e c r a f t  had p rev ious ly  mapped t h e  

magnetic t a i l  e x t e n s i v e l y  out t o  32R dur ing  t h e  per iod  March 15  t o  May 30, 1964. E 

I n  a d d i t i o n  t h e  p o s i t i o n  of t h e  magnetopause and bow shock wave have been 

measured by Explorer 33 t o  be i n  approximately t h e  same r e l a t i v e  p o s i t i o n s  a s  

observed by IMP-1. 

The h igh  apogee has  extended t h e  dawn s i d e  o b s e r v a t i o n s  of t h e  magneto- 
0 

s h e a t h  a t  a s o l a r  e c l i p t i c  l o n g i t u d e  of approximate ly  225 t o  70R e A f u t u r e  

p u b l i c a t i o n  w i l l  d i s c u s s  t h e s e  and subsequent d a t a  ob ta ined  on t h e  magnetosheath 

when Explorer  33 sweeps through t h e  dusk s i d e  r e g i o n .  

of t h e  s a t e l l i t e  (8-12 R ) i s  i d e a l  for  s tudy ing  t h e  magnetosheath and i t s  

boundar ies  f o r  t h e  f i r s t  s i x  months of i t s  l i f e t i m e .  T h e r e a f t e r  t h e  h igh  

p e r i g e e  w i  1 p e r m i t  a d e t a i l e d  s tudy  of t h e  n igh t  s i d e  magnetosphere where 

i t  changes from approximate ly  a d ipo la r  f i e l d  geometry t o  t h e  t a i l  

c o n f i g u r a t  on, a r e g i o n  r e f e r r e d  t o  by Anderson and Ness (1966) a s  t h e  p a r t i c l e  

E 

Note t h a t  t h e  p e r i g e e  

E 

“cusp’l . 
During t h e  outbound p o r t i o n  of t he  t h i r d  o r b i t ,  Explorer  33 spen t  36 

hours  i n  t h e  magnetic t a i l  beyond t h e  Lunar o r b i t a l  d i s t a n c e .  Except f o r  a 

b r i e f  encounter  w i t h  t h e  nea r -ea r th  end of t h e  n e u t r a l  s h e e t ,  t h e  s a t e l l i t e  
b, 

remained w e l l  above t h e  s h e e t  f o r  t h e  remainder of t h e  pas s  through t h e  t a i l .  

L 
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The magnetic f i e l d  w e l l  away from t h e  n e u t r a l  shee t  was very s t eady ,  w i th  

magnitudes ranging between 10 - 18 y a t  d i s t a n c e s  less than  50 RE. The f i e l d  

magnitudes a r e  c o n s i s t e n t  w i th  r e l a t i v e l y  q u i e t  geomagnetic c o n d i t i o n s  du r ing  

most of August. On IMP-1 enhanced t a i l  f i e l d  magnitudes of up t o  40y were 

found t o  be p o s i t i v e l y  c o r r e l a t e d  wi th  geomagnetic a c t i v i t y  (Behannon and 

Ness,  1966).  The f i e l d  d i r e c t i o n  was almost always w i t h i n  a few degrees  of 

be ing  p a r a l l e l  t o  t h e  ea r th - sun  l i n e .  The d a t a  a r e  p o s s i b l y  s u g g e s t i v e  of 

a s l i g h t  divergence of t h e  c a i l  f i e l d  l i n e s  from t h e  t a i l  a x i s .  

c 

A 

The magnetic f i e l d  magnitude g r a d u a l l y  decreased  a s  Explorer  33 moved 

out t o  t h e  v i c i n i t y  of t h e  moon's o rb i t , (60RE)  w h i l e  t h e  f i e l d  cont inued 

t o  be d i r e c t e d  approximately toward t h e  sun. F i g u r e  1 shows themagnet ic  

f i e l d  v e c t o r s  measured on August 2 and 3 by Explorer  33 du r ing  o r b i t  3 a t  

d i s t a n c e s  beyond t h e  Moon. These v e c t o r s  were cons t ruc t ed  from h o u r l y  

averages  of t h e  f i e l d .  The t a i l s  of t h e  v e c t o r s  t r a c e  out t h e  p o s i t i o n  of 

t h e  s a t e l l i t e  dur ing  t h e  30-hour o r b i t a l  segment on to  t h e  e c l i p t i c  p lane  and 

pe rpend icu la r  t o  i t  ( t h e  XSE - ZSE p l ane ) .  

expanded f o r  purposes of c l a r i t y  of p r e s e n t a t i o n  but  no change has  been 

made on vec to r  magnitudes or  d i r e c t i o n s .  

r e p r e s e n t  day-of - the-year  numbers r e l a t i v e  t o  January 1 a s  day 0. 

The ZsE s c a l e  has  been 

The day numbers shown (213-214) 

It i s  t o  be noted t h a t  t h e  observed magnet ic  f i e l d  topology i s  

c h a r a c t e r i s t i c a l l y  t h a t  of t h e  e a r t h ' s  magnet ic  t a i l  above t h e  n e u t r a l  s h e e t ,  

The minimum hour ly  average  f i e l d  magnitude was 4 y wi th  a subsequent i n c r e a s e  

a g a i n  t o  >14y before  t h e  t a i l  boundary was reached .  

magnitude was 8 . 4 ~ .  I d e n t i f i c a t i o n  of t- boundary c r o s s i n g  i n t o  t h e  

magnetosheath is based on t h e  change i n  t h e  c h a r a c t e r  of t h e  observed 

The median f i e l d  I-' 
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magnet ic  f i e l d  from t h a t  of a s t e a d y ,  wel l -ordered  t a i l  f i e l d  t o  t h a t  of 

c. t h e  t u r b u l e n t  and f l u c t u a t i n g  f i e l d  c h a r a c t e r i s t i c  of t h e  magnetosheath ( 

Ness e t  a l .  1 9 6 4 ) .  Because of motion of t h e  magnetopause t h e  s p a c e c r a f t  

u s u a l l y  c r o s s e s  t h e  boundary more t h a n  once du r ing  a s i n g l e  t r a v e r s a l  of t h e  
- 

boundary r e g i o n .  The magnetopause was f i rs t  d e t e c t e d  on t h i s  o r b i t  a t  a 

d i s t a n c e  of 1 7 . 4  R from t h e  ea r th - sun  l i n e ,  I f  a n  a b e r r a t i o n  of t h e  

geomagnetic t a i l  a x i s  of 40 i s  assumed, t h e n  t h i s  y i e l d s  a t a i l  r a d i u s  of 

17.4+4 21 .4  RE.  

i n  t h e  d i r e c t i o n a l  changes of t h e  l a s t  t h r e e  h o u r l y  average  f i e l d  v e c t o r s  shown 

E 

The e f f e c t  of t h e  proximi ty  t o  t h e  magnetopause i s  s e e n  

i n  f i g u r e  1. The magnitude i n c r e a s e  i n  day 214  may be c o r r e l a t e d  w i t h  an  

i n c r e a s e  of t h e  A index  (P re l imina ry  r e p o r t  No. 783  HAO) from i t s  lowest 

v a l u e  i n  August on day 213 .  

F i g u r e s .  2 ,  and 3 show o r b i t  4 of Explorer 33  i n  s o l a r  magnetospheric 

c o o r d i n a t e s  (Ness, 1 9 6 5 ) ,  i n  which t h e  t r u e  o r b i t a l  motion i s  modulated 

by t h e  d a i l y  wobble of t h e  geomagnetic d i p o l e  a x i s .  ZSM i n  F i g u r e  3 i s  

i n d i c a t i v e  of t h e  pe rpend icu la r  d i s t a n c e  from t h e  n e u t r a l  s h e e t  t o  t h e  space-  

c r a f t .  On t h i s  b a s i s  i t  can be seen  from f i g u r e  3 t h a t  numerous c l o s e  

approaches wi th  t h e  n e u t r a l  s h e e t  should have been expected du r ing  o r b i t  4. 

The hour ly  average  f i e l d  components f o r  a pe r iod  of more t h a n  n i n e  days 

from August 16-26  when Explorer 33 was i n  t h e  magnetic t a i l  a r e  shown i n  

f i g u r e  4 .  Because of cont inued  c l o s e  p rox imi ty  t o  t h e  n e u t r a l  s h e e t  

th roughout  t h i s  p a s s ,  t h e  observed f i e l d  was much l e s s  s t e a d y  t h a n  i s  t y p i c a l  

of t h e  t a i l  f i e l d .  Although geomagnetic a c t i v i t y  was r e l a t i v e l y  l o w  throughout 

most of August, d u r i n g  t h i s  per iod  (days 227-237') t h e r e  was a h ighe r  l e v e l  of 

geomagnetic d i s t u r b a n c e  on days 229,230 and 234  t h a n  on t h e  o t h e r  days .  

' 3  

I .  
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This  i s  supported by t h e  A-index and a l s o  from i n s p e c t i o n  of t h e  F rede r i cksburg  

and Tucson magnetograms. 

(10-18y) were observed i n  t h e  t a i l ,  

e a r l i e r  IMP-1 r e s u l t s  showing p o s i t i v e  c o r r e l a t i o n  between geomagnetic a c t i v i t y  

and f i e l d  s t r e n g t h  (Behannon and Ness, 1966).  

On t h e s e  t h r e e  days t h e  h i g h e s t  average f i e l d s  

This  c o r r e l a t i o n  i s  c o n s i s t e n t  w i t h  bhe 

A '  2 . 5  hour i n t e r v a l  dur ing  day 233 (August 2 2 )  i s  shown i n  F igu re  5 

on an expanded t ime s c a l e .  I n d i v i d u a l  sequence averages  a r e  shown f o r  

t h i s  p e r i o d ,  which inc ludes  t h e  complete but r a t h e r  gradual  t r a v e r s a l  of 

t h e  n e u t r a l  sheet near  1000 UT, Note t h e  many occas ions  dur ing  

which t h e  n e u t r a l  shee t  appears  t o  have been crossed  f o r  r e l a t i v e l y  s h o r t  

pe r iods  of t ime.  From t h e s e  d a t a  t h e  conclus ion  i s  reached t h a t  t h e  n e u t r a l  

shee t  a t  80RE is  s t i l l  r e l a t i v e l y  t h i n  and very  weal de f ined  w i t h i n  t h e  

geomagnetic t a i l .  I n  a d d i t i o n  t h e  m u l t i p l e  t r a v e r s a l s  of t h e  shee t  c l e a r l y  

i n d i c a t e  t h a t  it i s  i n  motion back and f o r t h  a c r o s s  t h e  s a t e l l i t e .  These 

r e s u l t s  a r e  i n  good agreement wi th  t h e  prev ious  IMP-1 r e s u l t s  of Spe i se r  

and Ness (1966). 

F i g u r e  6 r e p r e s e n t s  an i n t e r p r e t a t i o n  of t h e  d a t a  based on t h e  r e l a t i v e  

o r i e n t a t i o n  of t h e  n e u t r a l  shee t  a p p r o p r i a t e  t o  t h e  t ime of yea r .  A s  viewed 

from t h e  e a r t h ,  it p r o j e c t s  t h e  r e g i o n  swept out by t h e  d a i l y  wobble of t h e  

shee t  

from t h e  c h a r a c t e r i s t i c  behavior  of r$, changing a b r u p t l y  from @ approximately 

360' t o  180' i n  f i g u r e  4 ,  Explorer 33 approached t h e  n e u t r a l  shee t  once each 

day wh i l e  i n  the  magnetic t a i l .  I n  order  f o r  t h i s  t o  have been p o s s i b l e  

t h e  a x i s  of t h e  n e u t r a l  shee t  m u s t  have been 2-3 R above t h e  e c l i p t i c  p lane .  

Assuming t h a t  t h e  n e u t r a l  shee t  or f i e l d  r e v e r s a l  r e g i o n  had a t h i c k n e s s  

and of the  t a i l  p o r t i o n  of o r b i t  4 onto  t h e  YSE-ZSE p l ane .  A s  seen 

E 
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of approximately 1 R a t  t h i s  t i m e ,  t hen  t h e  f e a t u r e s  seen i n  f i g v r e  4 can 

be  understood i n  terms of t h e  r e l a t i v e  p o s i t i o n s  and motions of Explorer  33 

and t h e  n e u t r a l  shee t  a s  i n t e r p r e t e d  from t h e  o r b i t a l  d a t a  of F i g u r e  3. The 

E 

c 

- 
n e u t r a l  shee t  i s  expected t o  be loca ted  somewhat above t h e  XSM - Y 

SM 

dur ing  t h i s  t ime because t h e  n e u t r a l  shee t  i s  roo ted  a t  1023 R (see 

d i s c u s s i o n  by Spe i se r  and Ness ,  1966I . in  t h e  geomagnetic equa to r .  

plane 

E 

A t  about 2200 UT on d a y  232’ t h e  s p a c e c r a f t  pene t r a t ed  t h e  n e u t r a l  

s h e e t  a t  i t s  h ighes t  d a i l y  p o s i t i o n  on t h e  -YSE s i d e  of t h e  t a i l .  

n e u t r a l  shee t  t h e n  moved downward with t h e  s a t e l l i t e ,  r each ing  i t s  lowest  

d a i l y  p o s i t i o n  between 1000 and 1100 U T .  on day 233. It t h e n  moved above 

Explorer  33, l eav ing  t h e  s a t e l l i t e  c l e a r l y  i n  t h e  a n t i s o l a r - d i r e c t e d  f i e l d s  

below t h e  s h e e t . F i n a l 1 . a  d a i l y  encounter of a prolonged n a t u r e  occurred  on 

each of t h e  remaining days u n t i l  t h e  magnetopause was t r a v e r s e d  l a t e  on day 

236. 

The 
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CONCLUSIONS 

- 
I n  summary i t  has  been c l e a r l y  e s t a b l i s h e d  by t h e  GSFC magnet ic  f i e l d  

i measurements made on Explorer  33 t h a t  t h e  magnet ic  t a i l  of t h e  e a r t h  ex tends  

w e l l  beyond t h e  o r b i t  of t h e  Moon. The geomagnetic t a i l  has  t h e  same g e n e r a l  

c h a r a c t e r i s t i c s  bo th  away from t h e  n e u t r a l  s h e e t  and through t h e  n e u t r a l  shee t  

t h a t  were observed p rev ious ly  by t h e  IMP-1 s a t e l l i t e  a t  h a l f  t h e  lunar  

d i s t a n c e .  

These experimental  r e s u l t s  and ana lyses  a r e  c o n t r a r y  t o  t h o s e  r e p o r t e d  

by Dolginov et a l .  (1966) from t h e  Lunfk 10  magnetometer r e s u l t s  ob ta ined  i n  

t h e  v i c i n i t y  of t h e  Moon dur ing  t h e  per iod  A p r i l  3 -  May 4 ,  1966. From t h e i r  

r e s u l t s  t h e y  concluded t h a t  t h e  geomagnetic t a i l  d i d  not  ex tend  t o  t h e  

d i s t a n c e  of t he  Moon. The u n c e r t a i n t y  of t h e i r  measurements p laced  an  upper 

l i m i t  of 5y t o  any p o s s i b l e  c o n t r i b u t i o n  of a t a i l  f i e l d  t o  t h e  measured 

f i e l d s  ( 2 3 - 4 O y ) .  

However on t h e  same Lunik 10 Gringauz e t  a l .  (1966) w i t h  charged 

p a r t i c l e  t r a p s  s e n s i t i v e  t o  low energy e l e c t r o n s  and pro tons  i n t e r p r e t e d  

t h e i r  r e s u l t s  a s  i n d i c a t i n g  c l e a r l y  t h e  e f f e c t  of t h e  geomagnetic t a i l  

a t  60 R . They measured a n i s o t r o p i c  f l u x e s  of p ro tons  w i t h  energy >50ev 

when t h e  Moon- o u t s i d e  t h e  magnet ic  t a i l  r e g i o n  and e l e c t r o n  f l u x e s  w i t h  

E 

E >70ev when w i t h i n  t h e  magnet ic  t a i l .  Add i t iona l  d a t a  from Lunik 1 0  
e 

by Grigorov e t  a l .  (1966) r e p o r t s  i s o t r o p i c  f l u x e s  of presumably e l e c t r o n s  

w i t h  energy E >4OKev i n  t h e  r e g i o n  of t h e  assumed magnetosphere boundary. e 
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. 
We suggest  t h a t  t h e  measurements of Dolginov e t  a 1  (1966) were performed 

- when Lunik 10 was near t o  o r  l o c a t e d  w i t h i n  t h e  n e u t r a l  shee t  and very  weak 

f i e l d s  should be expected.  Thus t h e  apparent  c o n f l i c t  between t h e  absence 

of  a d e t e c t a b l e  t a i l  from t h e  Lunik 10  d a t a  and t h e  c l e a r  i n d i c a t i o n  of a 
* I  

w e l l  developed t a i l  and n e u t r a l  shee t  from Explorer  33 can be r e s o l v e d .  

The r e s u l t s  of Gringauz e t  a l .  (1966) support  t h i s  i n t e r p r e t a t i o n .  

The q u e s t i o n  of how f a r  beyond 8 0 R ~  t h e  geomagnetic t a i l  ex tends  ( D e s s l e r ,  

1964; Dungey, 1965; Van Al len ,  1965) i s  no t  y e t  answered by t h e s e  

p r e l i m i n a r y  s t u d i e s .  Temporal and s p a t i a l  v a r i a t i o n s  of magnetic f i e l d  

s t r e n g t h  w i t h i n  t h e  t a i l  f o r  a l l  of t he  Explorer  3 3  d a t a  w i l l  have t o  be 

c a r e f u l l y  analyzed b e f o r e  an a t tempt  t o  deduce a r a d i a l  g r a d i e n t  i s  

s u c c e s s f u l .  The t r a n s v e r s e  width of t h e  t a i l  appears  t o  be c o n s i s t e n t  w i t h  

t h e  40-44 RE va lue  e s t a b l i s h e d  previous ly  by t h e  IMP-1 s a t e l l i t &  a t  h a l f  t h e  

d i s t a n c e  t o  t h e  Moon (Ness, 1965) .  

L 

c 

- 11 - 



ACKNOWLEDGEMENTS 

We a p p r e c i a t e  t h e  ou t s t and ing  e f f o r t s  of t h e  Explorer  33 p r o j e c t  and 

in s t rumen te r s  a t  GSFC and our co-experimenters  i n  p rov id ing  a magne t i ca l ly  

c l e a n  s a t e l l i t e ,  The magnetometer sensor  and a s s o c i a t e d  e l e c t r o n i c s  was 

manufactured by t h e  Schanstedt  Instrument  Corpora t ion ,  S i l v e r  Spr ing ,  Maryland. 

The s i g n a l  process ing  e l e c t r o n i c s  and f l i p p e r  devfce  were developed a t  

NASA -GSF C . 

- 1 2  - 



REFERENCES - 
Anderson, K.  A ,  and N. F .  Ness, C o r r e l a t i o n  of Magnetic F i e l d s  and E n e r g e t i c  

E l e c t r o n s  on t h e  IMP-1 S a t e l l i t e ,  J. Geophys. Res. 2, 3705-3727, 1966. 

Behannon, K. k .  and N.F. Ness, Magnetic Storms i n  t h e  E a r t h ' s  Magnetic T a i l ,  

' I  

J. Geophys. Res,  2, 2327-2351, 1966. 

Dessler, A. J . ,  Length of t h e  Magnetospheric T a i l ,  J. Geophys. Res. 69, 3913- 
3918, 1964. 

Dolginov, S h i  S h . ,  E.  G. Yeroshenko, L .  N.  Zhuzgov and N. F .  Pushkov, 
Measurements of t h e  Magnetic F i e l d  i n  t h e  V i c i n i t y  of t h e  
Moon on t h e  AMS "Luna-lo", Doklady A.N.  SSR,  Geof iz ika  170, 
574-577, 1966. 

Dungey, J. W . ,  The Length of t h e  Magnetospheric T a i l ,  J. Geophys. Res. 70 
1753,  1965. 

Gr igorov ,  N .1., V. L. Maduyev, S .  L .  Mandel 'shtam, N.F. P i s a r e n k o ,  
I . A .  Savenko, and I .P .  Tindo, Study of t h e  S o f t  Corpuscular  R a d i a t i o n  
on  t h e  AMS "Luna-lo", Doklady A . N .  SSSR, G e o f i z i k a ,  170, 567-569, 1966. 

Gringauz,  K.  I . ,  V. V. Bezrukikh,  M. Z .  Khokhlov, L. S .  Musatov and 
A .  P. Remizov, S igns  of Cross ing  by t h e  Moon of t h e  E a r t h ' s  Magnetosphere 
T a i l  a c c o r d i n g  t o  d a t a  of charged p a r t i c l e  t r a p s  on t h e  f i r s t  
a r t i f i c i a l  s a t e l l i t e  of t h e  Moon, Doklady A . N .  SSSR, Geof izaka ,  170, 
570-573, 1966. 

Ness, N.F., The E a r t h ' s  Magnetic T a i l ,  J. Geophys. Res.  7 0 ,  2989-3005, 1965. 

Ness,  N.F.,  C . S .  Scearce  and J. B.  Seek, I n i t i a l  R e s u l t s  of t h e  IMP-1 
Magnetic F i e l d  Experiment,  J. Geophys. Res.  6 9 ,  3531-3570, 1964. 

S p e i s e r ,  T.W. and N.F. Ness, The Neut ra l  Sheet  i n  t h e  Geomagnetic T a i l :  
I t s  Motion, Equiva len t  Curren ts  and F i e l d  Line  Reconnect ion Through 
I t ,  J. Geophys. Res. 71 (23) December 1, 1966. 

Van A l l e n ,  J. A . ,  Absence of 40 Kev. E l e c t r o n s  i n  t h e  E a r t h ' s  Magnetospheric  
T a i l  a t  3000 E a r t h  R a d i i ,  J.  Geophys. Res. - 70, 4731-4739, 1965. 

Van A l l e n ,  JA. & N.F. Ness,  Observed P a r t i c l e  E f f e c t s  of an I n t e r p l a n e t a r y  
Shock Wave on 8 J u l y  1966, J. Geophys. R e s . ,  U .  of Iowa p r e p r i n t ,  

Ir November 1 9  66 

- 1 3  - 



FIGURE CAPTIONS 

a 

F i g u r e  .1 Measurements of t h e  E a r t h ' s  magnetic t a i l  f i e l d  on o r b i t  No. 3 
p r o j e c t e d  on t h e  X 

s a t e l l i t e  was above t h e  n e u t r a l  s h e e t  and beyond t h e  o r b i t a l  
d i s t a n c e  of t h e  Moon. 

- ZSE p lanes  dur ing  August 2-3, 
1966. The v e c t o r s  SE r e p r e s e n t  - YSE and hour XSF y averages obta ined  w h i l e  t h e  * 

F i g u r e  2 P r o j e c t i o n  of s a t e l l i t e  t r a j e c t o r y  on t h e  XSM - Y 

plane.  From August 16-26 (days 227-237) t h e  s a t e l l i t e  was l o c a t e d  
w i t h i n  t h e  geomagnetic t a i l .  

e q u a t o r i a l  
SM 

F i g u r e  3 P r o j e c t i o n  of s a t e l l i t e  t r a j e c t o r y  on t h e  X S ~  - ZSM noon-midnight 
meridian p l ane .  An expanded s c a l e  from X 
i s  shown t o  c l e a r l y  i l l u s t r a t e  t h e d i u r n a l  o s c i l l a t i o n  of t h e  
r e l a t i v e  p o s i t i o n  of t h e  s a t e l l i t e  t o  t h e  n e u t r a l  s h e e t  near  apogee. 

= -78 t o  80 RE 
SM 

F i g u r e  4 Hourly averaged measurements i n  s o l a r  e c l i p t i c  c o o r d i n a t e s  of t h e  
E a r t h ' s  magnetic t a i l  f i e l d  f o r  9 days i n  August 1966. Explorer  
33 was imbedded w i t h i n  t h e  geomagnetic t a i l  and p e r i o d i c a l l y  i n  
c l o s e  proximity t o  t h e  n e u t r a l  s h e e t .  A complete t r a v e r s a l  
of t h e  n e u t r a l  s h e e t  occurs  on day 233 between 0600 -1200 UT. 

F i g u r e  5 Deta i led  t e l e m e t r y  sequence averages  of t h e  geomagnetic t a i l  
f i e l d  i n  s o l a r  e c l i p t i c  c o o r d i n a t e s  dur ing  t h e  t r a v e r s a l  of t h e  
n e u t r a l  s h e e t  i n  t h e  E a r t h ' s  Magnetic t a i l  when t h e  s a t e l l i t e  
was w e l l  beyond t h e  lunar  o r b i t a l  d i s t a n c e .  The m u l t i p l e  and 
r ap id ,  c r o s s i n g s  i n d i c a t e  motion of a t h i n  f i e l d  r e v e r s a l  r e g i o n .  

F i g u r e  6 O r b i t  4 pass  of Explorer 33 through t h e  magnetic t a i l  as viewed 
from t h e  E a r t h .  C l e a r l y  ev ident  i s  t h e  cont inued c l o s e  
proximity t o  t h e  n e u t r a l  s h e e t .  
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